Biopsies removed from 57 patients considered for cartilage transplantation were grown at CTI Ltd. (47 biopsies) and at Tel Aviv University (10 biopsies). Tissue processing took place in dedicated laboratories. Explant cultures allowed cell number expansion. Fifty-four out of 57 biopsies grew cells. Fanning out of the cells began after 5-15 days in culture. Two passages later, cell numbers in the 10 7 range were achieved. Cells from all cultures expressed mRNA of aggrecan and link protein but not of alkaline phosphatase. Histochemical stains such as alcian blue pH 1 were negative in sparse monolayer cultures, but positive in pellet cultures. Immunohistochemistry demonstrated expression of collagen type I in monolayer cultures, switching to collagen type II in micromass cultures. Fibroblast growth factor receptor 3, a recently described characteristic receptor of precartilaginous cells, was expressed in monolayers and disappeared in micromass cultures. In conclusion, explants of articular chondrocytes cultured in vitro consistently yield monolayer cultures. The cells appear to revert to dedifferentiated chondrocytes, expressing a mesenchymal stem cell protein profile. Simultaneously, these cells regained their capacity to proliferate. Cultures held as micromass allowed reexpression of the differentiated phenotype traits.
INTRODUCTION MATERIALS AND METHODS

Culture Facilities During the last decade, reconstruction of articular
Since 1997, 47 biopsies were performed at CTI Ltd., cartilage surfaces using autologous chondrocytes grown a biotech company working under GMP regulations dedin vitro was in vogue, following a publication by a icated to provide chondrocytes for cell transplantation to Swedish group led by L. Peterson (4). Fibroblast growth patients of the orthopedic community. In addition, 10 factor 3 receptor (FGFR3) has recently been described biopsies were cultured at a research laboratory located in as a marker for mesenchymal stem cells in healthy tisthe Sackler School of Medicine at Tel Aviv University. sues as well as in certain pathologies (10). Expression Specimen Retrieval of FGFR3 is observed in undifferentiated precartilaginous cells in avian limb bud cultures but, as the differen-Biopsies were performed during routine arthroscopy using a 3-mm hollow curette. The biopsies were re-tiation cascade proceeds, FGFR3 expression ceases simultaneously with the initiation of collagen type II moved from the proximal-lateral edge of the femoral cartilage in the patello-femoral joint area. Two to three expression (10). Mature chondrocytes do not proliferate. However, it is clear that dedifferentiated chondrocytes pieces of tissue measuring 3 × 3 mm were removed. Subchondral bone was excluded. In 10 patients with iso-do proliferate, while losing temporarily their capacity for typical cartilaginous matrix synthesis (3, 13) . The lated cartilage defects, similar biopsies were also performed from repair tissue within the defect and from the current study was conducted in order to define the stages that are undergone by chondrocytes retrieved during car-frayed cartilage edges of the defect. The specimens were transferred to the laboratory in sterile tubes and pro-tilage biopsies and expanded in culture. Data are provided regarding the yields of such biopsies.
cessed for cell culture. Cell Culture Technique lecular-weight proteoglycan, osteocalcin (all of these antibodies were obtained from Chemicon, Temecula, CA), Cultures were grown as explants. Biopsies were collagen type IIa (generously donated by Dr. Linda Sancut down to cubes 2 mm on a side. The cubes were dell), fibroblast growth factor receptor 3 (Santa Cruz attached to culture dish by letting them dry for 15 min.
Ltd., Santa Cruz, CA). Cells from different biopsies Later medium was added. The explant technique differs were grown to 60-90% confluence. cDNA was prepared from the alternative enzymatic degradation technique of from RNA isolated from these cells. PCR reactions were the tissue and cell recovery. In explant cultures, only preformed using specific primers for: aggrecan, link procells able to migrate out of the cultures are selected.
tein, collagen type II, and β-actin. β-Actin was used as Mature chondrocytes are nonmotile. Only dedifferentiata positive control for the cDNA preparation. The proding chondrocytes attaining new adhesive molecules are ucts of the PCR were analyzed on an agarose gel. RNA capable of migrating out of the explants and forming a was prepared from the cells using the EZ-RNA isolation monolayer. This adhering ability is concomitantly asso-Kit (Molecular Research Center Ltd., Cincinnati, OH) ciated with a high proliferation rate.
according to manufacturer's instructions). The RNA was Cells were collected when migration fans out of the precipitated with LiCl, washed with 75% ethanol, and explants reached approximately 70% confluence at a distance of 5 mm from the explant. This value was arbidissolved in 30 µl double distilled water. RNA (1 µg) trarily fixed, to standardize the passage technique. Cells was used from each sample for cDNA preparation. were later either transferred to a 24-well dish (well di-cDNA was prepared using Expand TM Reverse Tranameter 10 mm) for experiments or transferred to 100scriptase (Boehringer Mannheim, Germany) and a ranmm-diameter plates for cell number expansion. P 1 and dom hexamer primer. One tenth of the cDNA reaction P 2 sister cultures were used for histochemical and immuwas used for each PCR reaction in a PCR apparatus (MJ nohistochemical evaluations.
Research, Watertown, MA). The PCR condition was as Micromass cultures encourage cartilaginous differfollows: 5 min at 95°C, 40 cycles-each cycle was: 1 entiation. To establish micromass cultures, 1 × 10 6 cells min at 95°C, 1 min at 55°C, 45 s at 72°C after the 40 were centrifuged (10 min, ×1000 rpm) and a pellet was cycles, 5 min at 72°C. The reaction was performed acformed. Medium (100 µl) was added to that pellet. The cording to manufacturer's instructions. The products of cells were cultured in 96-well flat-bottomed culture dish the PCR reactions were analyzed on a 2% agarose gel. for 24 h prior to evaluation of phenotype and cell sur-Data evaluation utilized a Kodak digital electrophoresis vival. documentation and analysis system.
Immunohistochemistry and Gene Expression Quantitative Evaluation of Stains Two types of cell cultures were used for immunohistochemistry and RNA hybridizations. Sparse cultures
Results were quantified using an image analysis syswere defined as 40-50% of surface occupied by cells. tem mentioned above (11). Ten random ×100 magnifica-Dense cultures were defined as 100% of surface occution fields were assessed per well. Two parameters were pied by cells, and at least 10% of surface occupied by defined: staining intensity and area of culture stained. At multilayer nodules. These values were measured using the first stage, cutoff values are obtained for nonstained an image analyzer (JAVA, Jandell, Corte Madera, CA).
control cultures as well as from an empty dish. Staining This system assigns to every pixel in the examined field intensity was measured at 10 random points per field, a gray scale value between zero (i.e., absolute black) using a 256 gray level scale. The 100 obtained values and 255 (i.e., absolute white). Repeated point density (10 measurements per field in 10 random fields) were measurements allow definition of an average density of averaged and standard deviations calculated. Area of the empty plastic dish when filled with medium. A cutculture stained was defined as total area in a random off value of 180 was defined. Areas with higher (lighter) field at ×100 magnification, whose gray scale level is gray scale values were considered empty of cells, and less (i.e., its density is higher) than the average staining areas darker than that were considered to contain cells.
intensity + 1 SD. Ten random ×100 magnification fields were assessed. Their average value allowed definition of the percent of Cell Number Evaluation the cultures' surface occupied by cells.
Cell numbers were evaluated using a Coulter counter The techniques, used in our laboratory for immunoand cell vitality was assessed by a reaction using the histochemistry and histochemistry, were previously detetrazolium salt 3′-1-[(phenylamino)-carbonyl]-3,4-tetrascribed (5). Histochemical stains included alcian blue, zolium-bis (4-methoxy-6-nitro) benzenesulfonic acid hy-Safranin-O, and alkaline phosphatase. Immunohistochemical stains included collagen types I, IIb, high-mo-drate (XTT) (12). 
Statistical Analysis
PCR Hybridization Histochemical Results
Cells isolated from articular cartilage and expanded in vitro had fibroblast morphology and lost the typical Sparse cultures of all cell types examined did not polygonal appearance of chondrocytes. At the mRNA stain by alcian blue or Safranin-O. Confluent chondrolevel assessed by RT-PCR, the expanded cells lost collacyte cultures both from the defect area and from normal gen type II expression but retained the expression of agappearing cartilage expressed both markers. The staining grecan and link protein, as can be seen in Figure 2 . was particularly strong in areas of nodule formation (Fig. 1) . nal shape. It is well established that these chondrocytes placed in articular cartilage defect survive and produce a new cartilage matrix (4). The cells expanded in vitro tend to lose their polygonal morphology when placed in traditional monolayer cultures on a plastic dish (15). become dedifferentiated chondrocytes. These dedifferentiated cells retain some of the chondrocytic differenti-During the course of the culture, the cells flatten out and become fibroblast-like cells. It has been shown that both ation markers (6). Furthermore, these dedifferentiated cells can be redifferentiated in vitro (7, 14) . It was pro-chondrocytes and dedifferentiated mesenchymal cells posed that loss of the chondrocyte phenotype is marked which chondrocytes transplantation is performed and no cartilage is formed. Recently, it was demonstrated that by the loss of one or more cartilage-specific molecules rather than by the appearance of noncartilage-specific the repair tissue is composed of mesenchymal cells that have failed to undergo differentiation into cartilage, and molecules (6). The cartilage cells lose the chondrocytic phenotype-the polygonal shape-as expected and be-continue to express FGF receptor 3, a marker for mesenchymal cells (8). The alternative explanation is that mes-come fibroblast-like cells. These cells were checked at the mRNA level for articular chondrocytic markers and enchymal precartilaginous progenitor stem cells fail to reach the defect site. It is known that the difference be-were shown to lose the expression of collagen type II but to retain the expression of aggrecan and link protein, tween the rapid and scar-free repair observed in embryos and the slower tissue repair in older animals is due to which are specific markers for chondrocytes.
DISCUSSION
A critical consideration when assessing the possible relative lack of mesenchymal cells (1). If the first explanation holds true, then a reasonable therapeutic approach value of cell therapy in articular cartilage reconstruction is why cartilage does not heal spontaneously in acute is to induce mesenchymal cell differentiation. This might be achieved by growth factors such as TGF-β. If defects. In humans, in contrast to some animal species such as chick (9), defects are never empty. Fibrous tis-the second explanation is true, then methods to cause either endogenous or exogenous enlargement of the sue is routinely formed as is observed when microfracture is performed (2) . This indicates that an attempt at number of mesenchymal cells is important. Autologous chondrocyte transplantation is one such method of in-tissue repair does occur. There are at least two possible explanations as to why no hyaline cartilage is formed.
creasing the number of available mesenchymal cells within the defect. The results reported herein confirm One possibility is that mesenchymal cells migrate into the defect but fail to differentiate into cartilage cells.
that the repair tissue that formed spontaneously within the defects does not contain a sufficient number of mes-This situation occurs in 20% of experimental animals in
